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(57) ABSTRACT

A drive circuit drives a switch element having a first terminal,
a second terminal, and a control terminal. A direct-current
voltage 1s applied to the first terminal. The drive circuit
includes a capacitor which i1s charged when the switch ele-
ment 1s 1n the OFF state, and applies a charged voltage
between the control terminal and the first terminal of the
switch element or between the control terminal and the sec-
ond terminal of the switch element when the switch element
1s 1n the ON state.

12 Claims, 5 Drawing Sheets
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DRIVE CIRCUIT AND SWITCHING
REGULATOR COMPRISING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This Non-provisional application claims priority under 35

U.S.C. §119(a) on Patent Application No. 2006-29619 filed
in Japan on Feb. 7, 2006, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a bootstrap drive circuit,
and a switching regulator comprising the same for turning
ON/OFF a high-side switch element.

2. Description of the Related Art

In recent years, switching regulators, which have highly
eilicient power conversion characteristics, are often used for
power supply circuits which supply predetermined direct-
current voltages to various electronic apparatuses. There are
various switching regulators which are used, depending on
the required characteristics. For example, FIG. SA illustrates
a circuit configuration of a step-down switching regulator as
a first conventional example.

As 1llustrated 1 FIG. SA, the conventional step-down
switching regulator has: an input direct-current power supply
51 which supplies an input voltage Vi; a high-side switch 52
composed of an N-channel type MOS FET (metal-oxide-
semiconductor field-effect transistor) having a drain con-
nected to the positive terminal of the mput direct-current
power supply 51 and a gate connected to a high-side drive
circuit 60; a low-side switch 533 composed of an N-channel
type MOS FET having a drain connected to the source of the
high-side switch 52, a gate connected to a low-side drive
circuit 61, and a source connected to the ground; an inductor
54 which has one end connected to the source of the high-side
switch 52 and the other end connected to an output terminal;
an output capacitor 535 which has one end connected to the
output terminal and the other end connected to the ground; a
bootstrap capacitor 62 which has both terminals connected to
the high-side drive circuit 60, and applies a bias voltage to the
high-side drive circuit 60; and a bootstrap power supply 56
which 1s connected to the positive terminal of the bootstrap
capacitor 62 via a forwardly connected diode 63, and supplies
a drive voltage Vb as a bias voltage to the low-side drive
circuit 61.

With this configuration, in the conventional step-down
switching regulator, the high-side switch 52 and the low-side
switch 53 are alternately switched to generate a pulse voltage,
which 1s 1n turn smoothed by the inductor 54 and the output
capacitor 55 to be output as an output voltage Vo. Here, the
output voltage Vo and the input voltage Vi have a relationship
represented by Vo=DxVi, where D represents a duty ratio
which 1s a proportion of an ON period of the high-side switch
52 with respect to one switching cycle. The output voltage Vo
1s detected and fed back by a control circuit, and 1s stabilized
by adjusting the ON period of the high-side switch 52, though

not 1llustrated.

When the high-side switch 52 1s composed of an N-channel
type MOS FET as 1n the first conventional example, a voltage
higher than the input direct-current power supply Vi 1s
required as a power supply voltage for the high-side drive
circuit 60, so that the above-described bootstrap drive circuit
1s used. As illustrated 1n FIG. 5A, the high-side drive circuit
60 amplifies and outputs a high-side drive signal DH which
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has been biased by a voltage charged 1n the bootstrap capaci-
tor 62 and has been input, thereby turning ON/OFF the high-
side switch 52. Also, the low-side drive circuit 61 amplifies
and outputs a low-side drive signal DL which has been biased
by the drive voltage Vb from the bootstrap power supply 56
and has been mput, thereby turning ON/OFF the low-side
switch 33.

FIG. 3B is a timing chart of the high-side drive signal DH
and the low-side drive signal DL. As illustrated in FIG. 5B, 1n
order to avoid the high-side switch 52 and the low-side switch
53 from being simultaneously 1n the ON state, a high-level
voltage and a low-level voltage are alternately repeated while
simultaneously providing an 1nactive period during which a
low level 1s provided. When the high-side drive signal DH 1s
at the low level and the low-side drive signal DL 1s at the high
level, the high-side switch 52 i1s in the OFF state and the
low-side switch 53 1s 1n the ON state. In this case, the source
of the high-side switch 52 has a potential of 0, so that the
bootstrap capacitor 62 1s charged via the diode 63 by the
bootstrap power supply 36.

Thus, when the bootstrap drive circuit 1s used, the bootstrap
capacitor 62 needs to be charged by causing the low-side
switch 33 to go to the ON state, so as to stably supply a bias
voltage to the high-side drive circuit 60 which turns ON/OFF
the high-side switch 52. However, when an electronic appa-
ratus to which the switching regulator supplies the output
voltage Vo 1s 1n the standby state (i.e., a light-load state), the
ON period of the high-side switch 52 may be reduced, and the
ON state period of the low-side switch 53 may also be limited
s0 as to prevent backtlowing of a current from the output
terminal (an operation mode called a discontinuous opera-
tion).

Particularly, a load in the standby state tends to be consid-
erably light as compared to that in the operating state, so as to
support recent trends to energy conservation. In such an
extremely light load state, a period during which both the
high-side switch 52 and the low-side switch 33 are 1n the OFF
state occupies a most portion of the switching cycle. In addi-
tion, 1n order to reduce switching loss, the switching cycle
may be increased, or the operation itsell of the switching
regulator 1s suspended for a predetermined period (1intermit-
tent operation). During the light load state, the extremely light
load state, or the intermittent operation, the ON state period of
the low-side switch 53 1s short, or the frequency of the ON
state 1s low, so that the bootstrap capacitor 62 1s not suili-
ciently charged, leading to a problem that a bias voltage can
no longer be stably supplied to the high-side drive circuit 60.

As a second conventional example which includes a drive
circuit for solving such a problem, there 1s a circuit described
in, for example, JP 2004-304527 A (see FIG. 6).

The circuit of FIG. 6 includes, 1n addition to the compo-
nents of FIG. 5A: a charge pump drive circuit 64; a first switch
clement 65 composed of an N-channel type MOS FET and a
second switch element 66 composed of a P-channel type
MOS FET which are alternately driven ON/OFF by the
charge pump drive circuit 64; a first diode 67 having an anode
connected to the low-side drive circuit 61; a flying capacitor
68 having a positive terminal connected to the cathode of the
diode 67 and a negative terminal connected to the common
drain of the first switch element 65 and the second switch
clement 66; and a second diode 69 having an anode connected
to the positive terminal of the flying capacitor 68 and a cath-
ode connected to the positive terminal of the bootstrap capaci-
tor 62.

The second switch element 66 1s connected between the
source of the high-side switch 52 and the drain of the first
switch element 65. Therefore, when the first switch element
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65 1s 1n the ON state and the second switch element 66 1s 1n the
OFF state, the flying capacitor 68 1s charged by the bootstrap
power supply 56 via the first diode 67. On the other hand,
when the first switch element 635 1s 1n the OFF state and the
second switch element 66 1s 1n the ON state, the bootstrap
capacitor 62 i1s charged by the flying capacitor 68 via the

second diode 69.

With the above-described configuration, 1n the step-down
switching regulator of the second conventional example, by
the switching operations of the first switch element 65 and the
second switch element 66, the bootstrap capacitor 62 1s
charged via the flying capacitor 68 by the bootstrap power
supply 56. Theretore, the bootstrap capacitor 62 can stably
supply a bias voltage to the high-side drive circuit 60, 1irre-
spective of the ON/OFF states of the high-side switch 52 and
the low-side switch 53.

However, the drive circuit included 1n the switching regu-
lator of the second conventional example needs to include the
flying capacitor 68 1n addition to the bootstrap capacitor 62.
In general, a capacitor has a larger area than that of a MOS
FET orthe like included 1n a switch element, and therefore, by
adding another capacitor to a drive circuit, the sizes of the
drive circuit and the switching regulator are increased.

SUMMARY OF THE INVENTION

In view of the above-described problem, an object of the
present invention 1s to secure a drive voltage of a high-side
switch even during a light-load operation without adding
another capacitor to a bootstrap drive circuit.

To achieve the object, the present mvention provides a
circuit for driving a switch element, 1n which a capacitor for
driving the switch element 1s charged when the switch ele-
ment 1s 1n the OFF state.

Specifically, a drive circuit 1s provided for driving a switch
clement having a first terminal, a second terminal, and a
control terminal, in which a direct-current voltage 1s applied
to the first terminal. The drive circuit comprises a capacitor
which 1s charged when the switch element 1s in the OFF state,
and applies a charged voltage between the control terminal
and the first terminal of the switch element or between the
control terminal and the second terminal of the switch ele-
ment when the switch element 1s 1n the ON state.

According to the drive circuit of the present mvention,
since the capacitor 1s charged when the switch element 1s 1n
the OFF state, a drive voltage for a switch element can be
secured even 1n a light or extremely light load operation 1n
which the switch element 1s 1n the OFF state for a long time.
As aresult, a stable operation can be achieved even in the case
of an extremely light load without providing a capacitor other
than the capacitor for charging and supplying a voltage for
driving the switch element.

The drive circuit of the present invention preferably com-
prises a direct-current power supply, a first switch which 1s
connected between a positive terminal of the capacitor and a
positive terminal of the direct-current power supply, and goes
to the ON state when the switch element 1s turned OFF, a
second switch which 1s connected between a negative termi-
nal of the capacitor and a negative terminal of the direct-
current power supply, and goes to the ON state when the
switch element 1s turned OFF, a third switch which 1s con-
nected between the positive terminal of the capacitor and the
control terminal of the switch element, and goes to the ON
state when the switch element 1s turned ON, and a fourth
switch which 1s connected to the negative terminal of the
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capacitor and the second or first terminal of the switch ele-
ment, and goes to the ON state when the switch element 1s
turned ON.

Thereby, the capacitor can be reliably charged when the
switch element 1s 1n the OFF state.

When the first switch 1s further provided, the first switch 1s
preferably a diode having a cathode connected to the positive
terminal of the capacitor.

Also, 1n this case, preferably, when the first switch 1s in the
ON state, the third switch 1s 1n the OFF state, and when the
third switch 1s 1n the ON state, the first switch 1s in the OFF
state. Thereby, 1t 1s possible to avoid the adjacent switches
from being simultaneously 1n the ON state, thereby making 1t
possible to prevent occurrence of a through current.

Also, preferably, when the second switch 1s in the ON state,
the fourth switch 1s 1n the OFF state, and when the fourth
switch 1s 1n the ON state, the second switch 1s in the OFF state.
Thereby, 1t 1s possible to avoid the adjacent switches from
being simultaneously in the ON state, thereby making 1t pos-
sible to prevent occurrence of a through current.

In the drive circuit of the present ivention, the switch
clement 1s preferably an N-channel FE'T. When an N-channel
FET, which has a small size and low loss, 1s used as a high-
side switch instead of a P-channel FET, a drive voltage for the
high-side switch can be more reliably secured even 1n an
extremely light load operation.

A switching regulator according to the present mvention
comprises the drive circuit of the present imnvention, a switch
clement driven by the drive circuit, an mput direct-current
power supply for applying a direct-current voltage to a first
terminal of the switch element, and an inductor connected to
a second terminal of the switch element, for repeatedly per-
forming accumulation and discharge of electric energy by an
ON/OFF operation of the switch element. The drive circuit
rectifies and smoothes a voltage occurring in the inductor to
generate a direct-current output voltage.

According to the switching regulator of the present inven-
tion, since the drive circuit of the present ivention 1s pro-
vided, a stable operation can be achieved even 1n the case of
an extremely light load without providing a capacitor other
than the capacitor for charging and supplying a voltage for
driving the switch element.

As described above, according to the drive circuit of the
present invention and the switching regulator employing the
drive circuit, a drive voltage for a switch element can be
secured even 1n a light or extremely light load operation 1n
which the switch element 1s in the OFF state for a long time,
without adding another capacitor to a bootstrap drive circuit,
resulting in a stable operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a diagram 1llustrating a circuit configuration of
a drive circuit according to a first embodiment of the present
invention and a switching regulator including the drive cir-
cuit.

FIG. 1B 1s a timing diagram illustrating operating wave-
forms of the switching regulator of the first embodiment of
the present invention.

FIG. 2 1s a diagram 1llustrating a circuit configuration of a
drive circuit according to a second embodiment of the present
invention and a switching regulator including the drive cir-
cuit.

FIG. 3A 15 a diagram 1llustrating a circuit configuration of
a drive circuit according to a third embodiment of the present
invention and a switching regulator including the drive cir-
cuit.
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FIG. 3B 1s a timing diagram illustrating operating wave-
forms of the switching regulator of the third embodiment of
the present invention.

FIG. 4 1s a circuit diagram illustrating a vanation of the
switching regulator of the second embodiment of the present
invention.

FIG. 5A 1s a diagram 1illustrating a circuit configuration of
a drive circuit according to a first conventional example and a
switching regulator including the drive circuit.

FIG. 5B 1s a timing diagram illustrating operating wave-
forms of the switching regulator of the first conventional
example.

FIG. 6 1s a diagram 1illustrating a circuit configuration of a
drive circuit according to a second conventional example and
a switching regulator including the drive circuit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

Hereinatter, a first embodiment of the present invention
will be described with reference to the accompanying draw-
Ings.

FIG. 1A 1llustrates a circuit configuration of a drive circuit
according to the first embodiment of the present invention and
a switching regulator including the drive circuit. FIG. 1B
illustrates operating wavelorms of major portions of the
switching regulator.

As 1llustrated 1n FIG. 1A, the switching regulator of the
first embodiment comprises: an mput direct-current power
supply 1 for supplying an imnput voltage Vi; a high-side switch
2 composed of a first N-channel type MOS FET having a
drain connected to the positive terminal of the input direct-
current power supply 1; a low-side switch 3 composed of a
second N-channel type MOS FET having a drain connected to
the source of the high-side switch 2, a gate at which a gate
voltage Vgl 1s recerved, and a source connected to the ground;
an mductor 4 having one end connected to a connection point
of the source of the high-side switch 2 and the drain of the
low-side switch 3, and the other end connected to an output
terminal; an output capacitor 5 having a positive terminal
connected to the output terminal and a negative terminal
connected to the ground; a drive circuit 6 for outputting a
drive signal to the gate of the high-side switch 2, and receiving
a switching voltage VX which i1s a voltage at the connection
point between the high-side switch 2 and the low-side switch
3. and a control circuit 14 for receiving the output voltage Vo
and the switching voltage Vx, and outputting the gate voltage
Vgl to the gate of the low-side switch 3, and a first control
signal a and a second control signal b complementary to the
first control signal a to the drive circuit 6.

With this configuration, a pulse voltage (the switching
voltage Vx) generated by alternately switching the high-side
switch 2 and the low-side switch 3 1s smoothed by the induc-
tor 4 and the output capacitor 5 to be output as the output
voltage Vo. Here, a current tlowing through the inductor 4 1s
referred to as an imnductor current IL.

The drive circuit 6 has a bootstrap power supply 7 for
supplying the drive voltage Vb for driving the high-side
switch 2, a bootstrap capacitor 8, a first switch 9, a second
switch 10, a third switch 11, a fourth switch 12, and a fifth
switch 13.

The first switch 9 1s connected between the positive termi-
nal of the bootstrap capacitor 8 and the bootstrap power
supply 7. The second switch 10 1s connected between the
negative terminal of the bootstrap capacitor 8 and a ground

5

10

15

20

25

30

35

40

45

50

55

60

65

6

terminal. The third switch 11 1s connected between the posi-
tive terminal of the bootstrap capacitor 8 and the gate of the
high-side switch 2. The fourth switch 12 1s connected
between the negative terminal of the bootstrap capacitor 8 and
the source (connection point) of the high-side switch 2. The
fifth switch 13 1s connected between the gate and the source of
the high-side switch 2. Here, the first switch 9, the second
switch 10, and the fifth switch 13 are turned ON/OFF by the
first control signal a, and the third switch 11 and the fourth
switch 12 are turned ON/OFF by the second control signal b.

The control circuit 14 detects the output voltage Vo, and 1n
order to stabilize the detected output voltage Vo, outputs the
first control signal a, the second control signal b, and the gate
voltage Vgl. The second control signal b has a predetermined
switching cycle. The width of an H (high) level pulse of the
second control signal b 1s reduced when the output voltage Vo
1s becoming higher than a target value, and conversely, 1s
broadened when the output voltage Vo 1s becoming lower
than the target value. The first control signal a goes from an L
(low) level to the H level after the second control signal b goes
to the L level, and goes to the L level before the second control
signal b goes to the H level.

The gate voltage Vgl 1s 1n synchronization with the first
control signal a. The control circuit 14 detects a voltage drop
during conduction of the low-side switch 3 from the switch-
ing voltage VX. When the current of the low-side switch 3
becomes 0, the gate voltage Vgl 1s caused to be the L level
even 1f the first control signal a 1s at the H level. In other
words, the low-side switch 3 functions as a synchronous
rectifier circuit through which a current does not backtlow. As
such a synchronous rectifier circuit through which a current
does not backflow, a circuit which compares voltages at both
ends of a switch and drives the switch based on the result of
the comparison, can be used (see, for example, U.S. Pat. No.
4,519,024).

FIG. 1B illustrates an operating waveform of each of the
switching voltage Vx, the inductor current IL, the first control
signal a, the second control signal b, and the gate voltage Vgl
when a load current of the switching regulator 1s reduced over
time.

Hereinatter, an operation of the switching regulator of the
first embodiment of the present invention will be described
with reference to FIGS. 1A and 1B.

Firstly, an operation of the switching regulator when the
load current of the switching regulator 1s suiliciently large and
the inductor current IL increases or decreases in the range of
0 or more, will be described.

The control circuit 14 causes the first control signal a and
the second control signal b to alternately go to the H level, and
causes the gate voltage Vgl which 1s to be applied to the
low-side switch 3 to be in synchronization with the first
control signal a. Here, 1t 1s assumed that the first control signal
a and the second control signal b are alternately switched to
the H level, 1.e., they are complementary logic signals. An
mactive period (dead time) during which the first control
signal a and the second control signal b are both caused to go
to the L level when the signal levels are switched, 1s desirably
provided so that the first switch 9 and the third switch 11 do
not simultaneously go to the ON state, and that the second
switch 10 and the fourth switch 12 do not simultaneously go
to the ON state.

During a period when the first control signal a 1s at the L
level and the second control signal b 1s at the H level, the first
switch 9, the second switch 10, and the fifth switch 13 are in
the OFF state, and the third switch 11 and the fourth switch 12
are 1n the ON state, so that a voltage charged 1n the bootstrap
capacitor 8 1s applied between the gate and the source of the
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high-side switch 2, which 1n turn goes to the ON state. On the
other hand, during this period, since the gate voltage Vgl 1s at
the L level, the low-side switch 3 1s 1n the OFF state. There-
tore, during this period, a difference voltage (Vi—Vo) between
the input voltage Vi and the output voltage Vo 1s applied to the
inductor 4, so that the inductor current IL. 1s increased and
clectric energy 1s accumulated 1n the inductor 4.

Next, during a period when the first control signal a 1s at the
H level and the second control signal b 1s at the L level, the
first switch 9 and the second switch 10 are 1in the ON state, and
the third switch 11 and the fourth switch 12 are in the OFF
state, so that the bootstrap capacitor 8 1s charged to the voltage
Vb of the bootstrap power supply 7. In addition, during this
period, since the fifth switch 13 1s in the ON state, the gate-
source potential of the high-side switch 2 1s 0, so that the
high-side switch 2 1s 1n the OFF state. Also, during this
period, since the gate voltage Vgl 1s at the H level, the low-
side switch 3 1s 1n the ON state. Therefore, during this period,
an output voltage (—Vo) 1s applied the inductor 4 1n a reverse
direction, so that the inductor current IL i1s reduced and the
clectric energy of the inductor 4 1s discharged.

Thus, by repeatedly performing the switching operation
using the first control signal a and the second control signal b
which are complementary to each other, the output voltage Vo
1s supplied to a load. The output voltage Vo 1s represented by
Vo=DxV1, where D represents a duty ratio which 1s a propor-
tion of the high-side switch 2 with respect to one switching,
cycle. As described above, the control circuit 14 detects the
output voltage Vo, and outputs each of the control signals a
and b while adjusting the duty ratio D so as to stabilize the
voltage value of the output voltage Vo.

Next, an operation of the switching regulator when the load
current ol the switching regulator 1s small, so that the inductor
current 1L reaches zero, will be described.

Firstly, during a period when the first control signal a 1s at
the L level and the second control signal b 1s at the H level, the
third switch 11 and the fourth switch 12 are 1in the ON state,
and the first switch 9, the second switch 10, and the fifth
switch 13 are 1n the OFF state, so that the voltage of the
bootstrap capacitor 8 1s applied between the gate and the
source of the high-side switch 2, which 1n turn goes to the ON
state. On the other hand, since the gate voltage Vgl 1s at the L
level, the low-side switch 3 1s in the OFF state. During this
period, the difference voltage (Vi—Vo) between the input volt-
age V1 and the output voltage Vo 1s applied to the inductor 4,
so that the inductor current IL 1s increased and electric energy
1s accumulated in the inductor 4.

Next, during a period when the first control signal a 1s at the
H level and the second control signal b 1s at the L level, the
first switch 9 and the second switch 10 are 1n the ON state, and
the third switch 11 and the fourth switch 12 are in the OFF
state, so that the bootstrap capacitor 8 1s charged to the voltage
Vb of the bootstrap power supply 7. During this period, since
the fifth switch 13 1s 1n the ON state, the high-side switch 2 1s
in the OFF state. Also, since the gate voltage Vel 1s at the H
level, the low-side switch 3 1s 1n the ON state. Thereby, an
output voltage (—Vo) 1s applied to the inductor 4 1n a reverse
direction, so that the inductor current IL 1s reduced and elec-
tric energy 1s discharged from the inductor 4. Here, when the
current amount of the inductor current IL reaches O, the gate
voltage Vgl goes to the L level, so that the low-side switch 3
goes to the OFF state. In this case, since the high-side switch
2 remains in the OFF state, the potential at one end of the
inductor 4, 1.e., the potential of the switching voltage Vx at the
connection point with the source of the high-side switch 2, 1s
not fixed. Therefore, the switching voltage Vx has a vibrating,
wavelorm which increases or decreases around the output
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voltage Vo as a center due to a resonance phenomenon caused
by the inductance and the floating capacitance of the inductor
4. On the other hand, there 1s not a change in the H level of the
first control signal a and the L level of the second control
signal b, so that the bootstrap capacitor 8 1s charged to the
voltage Vb of the bootstrap power supply 7.

By repeatedly performing the above-described switching
operation, the output voltage Vo 1s supplied to a load. As
illustrated 1n FI1G. 1B, when the load current of the switching
regulator 1s further reduced so that substantially no load 1s
present (extremely light load), the ON time of the low-side
switch 3 as well as the ON time of the high-side switch 2 are
reduced. In addition, since the period during which both the
high-side switch 2 and the low-side switch 3 are in the OFF
state 1s increased, the output voltage Vo of the switching
regulator of the first embodiment 1s stabilized.

In the case of a drive circuit 1n which the bootstrap capaci-
tor 62 1s charged during the ON time of the low-side switch 53
as 1n the first conventional example, a charging period 1s not
secured 1n such an extremely light load operation.

In contrast to this, according to the drive circuit of the first
embodiment, since the bootstrap capacitor 8 1s charged dur-
ing the OFF period of the high-side switch 2, but not during
the ON period of the low-side switch 3, the drive voltage of
the high-side switch 2 can be suf1c1ently secured.

Second Embodiment

Hereinaftter, a second embodiment of the present invention
will be described with reference to the drawings.

FIG. 2 illustrates a circuit configuration of a drive circuit
according to the second embodiment of the present invention
and a switching regulator including the drive circuit. In FIG.
2, the same components as those of FIG. 1A are indicated by
the same reference numerals and will not be described.

As 1llustrated 1n FIG. 2, the switching regulator of the

second embodiment 1s different from the first embodiment 1n
that a first diode 3 A 1s used instead of the low-side switch 3
composed ofa MOS FET, and in the configuration of the drive
circuit 6 A.
The first diode 3A has an anode connected to the ground
and a cathode connected to the source of the high-side switch
2. Therelore, the gate voltage Vgl of the control circuit 14 1s
not supplied to the first diode 3A.

Hereinafter, differences between the drive circuit 6A and
the drive circuit 6 will be described.

Firstly, the bootstrap power supply 7 which supplies the
drive voltage Vb 1s eliminated, and the input direct-current
power supply 1 also serves as a drive voltage supply.

As the first switch 9, a second diode 9A having an anode
connected to the positive terminal of the iput direct-current
power supply 1 and a cathode connected to the positive ter-
minal of the bootstrap capacitor 8 and the gate of the high-side
switch 2, 1s used.

The connection position of the fourth switch 12 1s changed
from between the negative terminal of the bootstrap capacitor
8 and the source of the high-side switch 2, to between the
negative terminal of the bootstrap capacitor 8 and the drain of
the high-side switch 2. The resultant fourth switch 12 1s
indicated by 12A.

The connection position of the fifth switch 13 1s changed
from between the gate and the source of the high-side switch
2 to between the gate of the high-side switch 2 to a ground
terminal. The resultant fifth switch 13 1s indicated by 13A.

The drive circuit 6 A of the second embodiment having the
above-described configuration operates 1n a manner similar
to that of the drive circuit 6 of the first embodiment.
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This 1s because, 11 the input voltage Vi can be used as a gate
drive voltage for an N-channel type MOS FET included in the
high-side switch 2, the mput direct-current power supply 1
can also serve as a direct-current power supply for supplying
the drive voltage Vb.

Also, if a voltage drop from the input voltage Vi or the drive
voltage Vb 1n the forward direction of the diode, can be used
as the gate drive voltage for the N-channel type MOS FET, the
second diode 9A can be used instead of the first switch 9.

Note that the fourth switch 12A may be connected between
the negative terminal of the bootstrap capacitor 8 and the
source of the high-side switch 2 as in the drive circuit 6 of
FIG. 1A, instead of the configuration 1 which the fourth
switch 12 A 1s connected between the negative terminal of the
bootstrap capacitor 8 and the drain of the high-side switch 2 as

illustrated in FIG. 2.

Also, as 1llustrated 1in FIG. 2, the fifth switch 13 A which
switches OFF the high-side switch 2 during conduction can
be connected between the gate of the high-side switch 2 and
the ground terminal 11 the withstand voltage 1s higher than the
sum of the input voltage Vi and the drive voltage Vb.

Also, 1n the switching regulator of the second embodiment,
the first diode 3A 1s used instead of a synchronous rectifier
circuit. This 1s because the drive circuit 6 A of this embodi-
ment does not require the low-side switch 3 so as to charge the
bootstrap capacitor 8, and uses the control signals a and b
from the control circuit 14 to charge the bootstrap capacitor 8

during the OFF period of the high-side switch 2.

In the conventional art, the low-side switch 53 (1.e., a
synchronous rectifier circuit) 1s required to charge the boot-
strap capacitor 62, so that the low-side switch 53 needs to go
to the ON state during booting. In the drive circuit 6 A of this
embodiment and the switching regulator including the drive
circuit 6A, the synchronous rectifier circuit itself 1s not
required.

Third Embodiment

Hereinafter, a third embodiment of the present invention
will be described with reference to the drawings.

FIG. 3 A 1llustrates a circuit configuration of a drive circuit
according to the third embodiment of the present invention
and a switching regulator including the drive circuit. FIG. 3B
illustrates operating wavelorms of major portions of the
switching regulator. In FIG. 3A, the same components as
those of FIG. 1A are indicated by the same reference numer-
als and will not be described.

As 1llustrated 1n FIG. 3A, the switching regulator of the
third embodiment 1s different from that of the first embodi-
ment i the configuration of a drive circuit 6B and the con-
figuration of a control circuit 14B.

The control circuit 14B detects the output voltage Vo, and
in order to stabilize the detected output voltage Vo, has a
pulse-width control circuit 140 which outputs a first control
signal S1, a second control signal S2, and a gate voltage Vgl.

The first control signal S1 has a predetermined switching,
cycle. The width of an H (high) level pulse of the first control
signal S1 1s reduced when the output voltage Vo 1s becoming
higher than a target value, and conversely, 1s broadened when
the output voltage Vo 1s becoming lower than the target value.
The gate voltage Vgl 1s a pulse signal complementary to the
first control signal S1. When a voltage drop during conduc-
tion of the low-side switch 3 from the switching voltage Vx 1s
detected and a current flowing through the low-side switch 3
becomes 0, the gate voltage Vgl 1s caused to go to the L level
even 11 the first control signal S1 1s at the L level. In other
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words, the low-side switch 3 functions as a synchronous
rectifier circuit through which a current does not backtlow.

Note that an inactive period (dead time) during which the
first control signal S1 and the gate voltage Vgl are both caused
to go to the L level when the signal levels are switched, 1s
provided so that the first control signal S1 and the gate voltage
Vgl do not simultaneously go to the ON state. The third
embodiment 1s a specific example in which the dead time 1s
implemented 1n the first embodiment.

Also, the control circuit 14B has an RS latch 141 which has
a set terminal S which receives the second control signal S2,
and a reset terminal R which receives the first control signal
S1, and outputs a third control signal S3, and a first delay
circuit 142 which receives the second control signal S2, and
delays only a rising edge of the received signal by a prede-
termined time to generate the gate voltage Vel.

The drive circuit 6B has: a first switch 9B composed of a
P-channel type MOS FET having a drain connected to the
bootstrap power supply 7 and a source connected to the posi-
tive terminal of the bootstrap capacitor 8; a second switch
10B composed of an N-channel type MOS FET having a gate
which recerves the third control signal S3, a drain connected
to the negative terminal of the bootstrap capacitor 8, and a
source connected to the ground; a third switch 11B composed
of a P-channel type MOS FET having a source connected to
the positive terminal of the bootstrap capacitor 8, and a drain
connected to the gate of the high-side switch 2; a fourth
switch 12B composed of an N-channel type MOS FET having
a drain connected to the source of the high-side switch 2, and
a source connected to the negative terminal of the bootstrap
capacitor 8; and a fifth switch 13B composed of an N-channel
type MOS FET having a drain connected to the gate of the
high-side switch 2, and a source connected to the source of the
high-side switch 2.

The drive circuit 6B has: a first level shift circuit 15 which
receives the first control signal S1, and applies a level-shifted
drive voltage to the gate of the first switch 9B; a second delay
circuit 16 which receives the first control signal S1 from the
first level shift circuit 135, generates a fourth control signal S4
obtained by delaying only a rising edge of the first control
signal S1 by a predetermined time, and applying the fourth
control signal S4 to the gate of the fourth switch 12B; an
inverter 17 which inverts the fourth control signal S4 and
applies the inverted fourth control signal S4 to the gate of the
third switch 11B; and a second level shift circuit 18 which
receives the third control signal S3, and applies a level-shifted
drive voltage to the gate of a fifth switch 13B.

FIG. 3B illustrates operating waveforms of the switching
voltage Vx, the inductor current 1L, the first control signal S1,
the second control signal S2, the gate voltage Vgl, the third
control signal S3, and the fourth control signal S4 when a load
current of the switching regulator 1s reduced over time.

Hereinatter, an operation of the switching regulator of the
third embodiment of the present invention will be described
with reference to FIGS. 3A and 3B.

Firstly, an operation of the switching regulator when the
load current of the switching regulator 1s suificiently large and
the inductor current IL increases or decreases 1n the range of
0 or more, will be described.

The control circuit 14B causes the first control signal S1
and the gate voltage Vgl to alternately go to the H level while
providing a dead time. During a period when the first control
signal S1 and the fourth control signal S4 are at the H level,
and the second control signal S2 and the gate voltage Vgl are
at the LL level, the RS latch 141 1s 1n the reset state, so that the
third control signal S3 1s at the L level. Theretfore, the first
switch 9B which recerves the first control signal S1 at the gate
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and the second switch 10B and the fifth switch 13B which
receive the third control signal S3 at the gate, are 1n the OFF
state. Also, the third switch 11B which receives an inverted
signal of the fourth control signal S4 at the gate and the fourth
switch 12B which receirves the fourth control signal S4 at the
gate are 1n the ON state. Thereby, a voltage of the bootstrap
capacitor 8 1s applied between the gate and the source of the
high-side switch 2, so that the high-side switch 2 goes to the
ON state, while the low-side switch 3 goes to the OFF state. In
this case, the diflerence voltage (Vi—-Vo) between the input
voltage V1 and the output voltage Vo 1s applied to the inductor
4, so that the inductor current IL 1s increased and electric
energy 1s accumulated 1n the inductor 4.

Next, at time t1 of FIG. 3B, when the first control signal S1
goes to the L level, the first switch 9B 1s turned ON, and also,
the fourth control signal S4 simultaneously goes to the L
level, so that the third switch 11B and the fourth switch 12B
are turned OFF. Following this, at time t2 delayed by the dead
time, when the second control signal S2 goes to the H level,
the RS latch 141 1s set, so that the third control signal S3 goes
to the H level. When the third control signal S3 goes to the H
level, the second switch 10B and the fifth switch 13B are
turned ON. When the fifth switch 13B 1s turned ON, the
gate-source potential of the high-side switch 2 becomes 0, so
that the high-side switch 2 1s turned OFF, and as a result, the
switching voltage Vx 1s reduced. When the switching voltage
Vx becomes lower than the ground potential, the mductor
current IL flows from the ground terminal via a body diode
(not shown) parasitic to the low-side switch 3, so that the
switching voltage VX 1s turned into a decrease. Following
this, at time t3 after a delay time possessed by the first delay
circuit 142, the gate voltage Vgl rises, so that the low-side
switch 3 1s turned ON. As a result, the inductor current IL
flows via the low-side switch 3 thus turned ON. Also, during
a period when the high-side switch 2 1s turned OFF, 1.e., a
period when the first switch 9B which receives the L-level
first control signal S1 at the gate and the second switch 108
which recerves the H-level third control signal S3 at the gate
are both 1n the ON state, the bootstrap capacitor 8 1s charged
to the voltage Vb of the bootstrap power supply 7.

Next, at time t4 of FIG. 3B, when the second control signal
S2 goes to the L level, the gate voltage Vgl also goes to the L
level, so that the inductor current IL flows again via the body
diode of the low-side switch 3. Following this, at time t3
delayed by the dead time, when the first control signal S1 goes
to the H level, the first switch 9B 1s turned ON, and at the same
time, the RS latch 141 1s reset, the third control signal S3 goes
to the L level. When the third control signal S3 goes to the L
level, the second switch 10B and the fifth switch 13B are
turned OFF. Further, at time t6 aiter a delay time possessed by
the second delay circuit 16, the fourth control signal S4 also
goes to the H level, so that the third switch 11B and the fourth
switch 12B are turned ON. Therefore, when the third switch
11B 1s turned ON, the high-side switch 2 1s turned ON, so that
the switching voltage VX 1s increased to the input voltage Vi.
Thereby, the difference voltage (Vi—-Vo) between the input
voltage Vi1 and the output voltage Vo 1s applied to the inductor
4, so that the inductor current IL 1s turned into an increase.

By repeatedly performing the above-described switching
operation, the output voltage Vo 1s supplied to a load.

Next, an operation of the switching regulator when the load
current of the switching regulator 1s small and the inductor
current IL. reaches 0, will be described.

Initially, during a period when the first control signal S1
and the fourth control signal S4 are at the H level, and the
second control signal S2 and the gate voltage Vgl are at the L
level, the RS latch 141 1s in the reset state, so that the third
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control signal S3 1s at the L level. During this period, the first
switch 9B, the second switch 10B, and the fifth switch 13B

are 1n the OFF state, while the third switch 11B and the fourth
switch 12B are in the ON state. In this case, the voltage of the
bootstrap capacitor 8 1s applied between the gate and the
source of the high-side switch 2, which 1n turn goes to the ON
state, so that the low-side swrteh 3 goes to the OFF state.
Thereby, the difference voltage (Vi-Vo) between the mput
voltage V1 and the output voltage Vo 1s applied to the inductor
4, the inductor current IL 1s increased and electric energy 1s
accumulated in the inductor 4.

Next, operations at time t7 to t9 of FIG. 3B are similar to
those at time t1 to t3 and will not be described.

Next, at time t10 of FIG. 3B, when the inductor current IL
reaches 0, the gate voltage Vgl goes to the L level, and the
low-side switch 3 goes to the OFF state. Since the high-side
switch 2 also remains 1n the OFF state, the potential at one end
of the inductor 4, 1.¢., the potential of the switching voltage
Vx at the connection point with the source of the high-side
switch 2, 1s not fixed. Therefore, the switching voltage Vx has
a vibrating waveform which increases or decreases around
the output voltage Vo as a center due to a resonance phenom-
enon caused by the inductance and the tloating capacitance of
the inductor 4. On the other hand, the first control signal S1
remains at the L level, and due to the RS latch 141, the H level
of the third control signal S3 is not changed, the first switch
9B and the second switch 10B are kept in the ON state. As a
result, the bootstrap capacitor 8 1s charged to the voltage Vb of
the bootstrap power supply 7.

Operations at time t11 to t13 of FIG. 4 are similar to those
at time t4 to t6 and will not be described.

By repeatedly performing the above-described switching
operation, the output voltage Vo 1s supplied to a load. When
the load current of the switching regulator 1s further reduced
so that substantially no load is present (extremely light load),
the ON time of the low-side switch 3 as well as the ON time
of the high-side switch 2 are reduced. In addition, since the
period during which both the high-side switch 2 and the
low-side switch 3 are 1n the OFF state 1s increased, the output
voltage Vo of the switching regulator of the third embodiment
1s stabilized.

In the case of a drive circuit 1n which the bootstrap capaci-
tor 62 1s charged during the ON time of the low-side switch 53
as 1n the first conventional example, a charging period 1s not
secured 1n such an extremely light load operation.

In contrast to this, according to the drive circuit of the third
embodiment, since the bootstrap capacitor 8 1s charged dur-
ing the OFF period of the high-side switch 2, but not during
the ON period of the low-side switch 3, the drive voltage of
the high-side switch 2 can be sufjelently secured.

Although the drive circuit of the third embodiment and the
switching regulator including the drive circuit have been
described as a step-down switching regulator which employs
a synchronous rectifier circuit, the low-side switch 3 may be
the first diode 3A of the second embodiment.

Although the dnive circuit of each of the first to third
embodiments and the switching regulators including the drive
circuit have been described using a step-down switching
regulator, the present mmvention 1s not limited to this. For
example, the present invention can be applied to an inverting
switching regulator as a variation of the second embodiment
as 1llustrated in FIG. 4.

The mverting switching regulator of FIG. 4 can generate
the output voltage Vo whose polarity 1s reverse to that of the
input voltage V1. Here, a configuration in which the drain of a
switch element 2C 1s connected to the input direct-current
power supply 1 which supplies the input voltage Vi 1s similar
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to that of each of the first to third embodiments. In addition,
one end of an inductor 4C 1s connected to the source of the
source of a high-side switch 2C and the cathode of a first
diode 3C, and the other end thereot 1s connected to the ground
terminal. One end of an output capacitor 5C 1s connected to
the anode of the first diode 3C and the output terminal.

In other words, the present invention 1s applicable when a
potential higher than the mput voltage Vi 1s required to drive
the switch element 2 connected to the mput direct-current
power supply 1 as 1n the step-down switching regulator or the
inverting switching regulator.

As described above, the present invention 1s useful for a
bootstrap drive circuit, a power supply circuit for supplying a
direct-current voltage to various electronic apparatuses, and
the like.

What 1s claimed 1s:

1. A drive circuit for driving a first switch having a first
terminal, a second terminal, and a control terminal, wherein a
direct-current voltage from a first direct-current power supply
1s applied to the first terminal, the drive circuit comprising:

a capacitor which 1s charged when the first switch is in the
OFF state, and applies a charged voltage between the
control terminal and the second terminal of the first
switch when the first switch 1s 1in the ON state;

a second direct-current power supply;

a second switch which 1s connected between a positive
terminal of the capacitor and a positive terminal of the
second direct-current power supply, and goes to the ON
state when the first switch 1s turned OFF;

a third switch which 1s connected between a negative ter-
minal of the capacitor and a negative terminal of the
second direct-current power supply, and goes to the ON
state when the first switch is turned OFF;

a fourth switch which 1s connected between the positive
terminal of the capacitor and the control terminal of the
first switch, and goes to the ON state when the {first
switch 1s turned ON; and

a fifth switch which 1s connected to the negative terminal of
the capacitor and the second terminal of the first switch,
and goes to the ON state when the first switch 1s turned
ON.

2. The drive circuit of claim 1, wherein the second switch
comprises a diode having a cathode connected to the positive
terminal of the capacitor.

3. The drive circuit of claim 1, wherein, when the second
switch 1s 1n the ON state, the fourth switch 1s in the OFF state,
and when the fourth switch 1s 1n the ON state, the second
switch 1s 1n the OFF state.

4. The drnive circuit of claim 1, wherein, when the third
switch 1s 1n the ON state, the fifth switch 1s 1n the OFF state,
and when the fifth switch 1s 1n the ON state, the third switch
1s 1n the OFF state.

5. A drive circuit for driving a first switch having a first
terminal, a second terminal, and a control terminal, wherein a
direct-current voltage from a first direct-current power supply
1s applied to the first terminal, the drive circuit comprising:

a capacitor which 1s charged when the first switch 1s 1n the
OFF state, and applies a charged voltage between the
control terminal and the first terminal of the first switch
when the first switch 1s 1n the ON state;

a second direct-current power supply;

a second switch which 1s connected between a positive
terminal of the capacitor and a positive terminal of the
second direct-current power supply, and goes to the ON
state when the first switch 1s turned OFF:

a third switch which 1s connected between a negative ter-
minal of the capacitor and a negative terminal of the
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second direct-current power supply, and goes to the ON
state when the first switch 1s turned OFF;

a Tourth switch which 1s connected between the positive
terminal of the capacitor and the control terminal of the
first switch, and goes to the ON state when the first
switch 1s turned ON; and

a fifth switch which 1s connected to the negative terminal of

the capacitor and the first terminal of the first switch, and
goes to the ON state when the first switch 1s turned ON.

6. The drive circuit of claim 5, wherein the second switch
comprises a diode having a cathode connected to the positive
terminal of the capacitor.

7. The drive circuit of claim 5, wherein, when the second
switch 1s in the ON state, the fourth switch 1s 1n the OFF state,
and when the fourth switch i1s 1n the ON state, the second
switch 1s 1n the OFF state.

8. The drive circuit of claim 5, wherein, when the third

switch 1s 1n the ON state, the fifth switch 1s 1n the OFF state,
and when the fifth switch 1s 1n the ON state, the third switch

1s 1n the OFF state.
9. The drive circuit of claim 5, wherein the first switch 1s an
N-channel FET.

10. A switching regulator comprising:

a drive circuit;

a first switch driven by the drive circuit;

a first direct-current power supply for applying a direct-
current voltage to a first terminal of the first switch;

an 1nductor connected to a second terminal of the first
switch, for repeatedly performing accumulation and dis-
charge of energy by an ON/OFF operation of the first
switch;

a rectily and smooth circuit which rectifies and smoothes a
voltage occurring in the inductor to generate a direct-
current output voltage;

a second direct-current power supply;

a second switch which 1s connected between a positive
terminal of the capacitor and a positive terminal of the
second direct-current power supply, and goes to the ON
state when the first switch 1s turned OFF;

a third switch which 1s connected between a negative ter-
minal of the capacitor and a negative terminal of the
second direct-current power supply, and goes to the ON
state when the first switch 1s turned OFF;

a Tourth switch which 1s connected between the positive
terminal of the capacitor and the control terminal of the
first switch, and goes to the ON state when the first
switch 1s turned ON; and

a fifth switch which 1s connected to the negative terminal of
the capacitor and the second terminal of the first switch,
and goes to the ON state when the first switch 1s turned
ON,

wherein the drive circuit drives the first switch having the
first terminal, the second terminal, and a control termi-
nal, wherein a direct-current voltage from the first
direct-current power supply 1s applied to the first termi-
nal, and

the drive circuit has a capacitor which 1s charged when the
first switch 1s in the OFF state, and applies a charged
voltage between the control terminal and the second
terminal of the first switch when the first switch 1s 1 the
ON state.

11. A switching regulator comprising:

a drive circuit;

a first switch driven by the drive circuit;

a first direct-current power supply for applying a direct-
current voltage to a first terminal of the first switch;
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an 1nductor connected to a second terminal of the first
switch, for repeatedly performing accumulation and dis-
charge of energy by an ON/OFF operation of the {first
switch;

a rectity and smooth circuit which rectifies and smoothes a
voltage occurring in the imnductor to generate a direct-
current output voltage;

a second direct-current power supply;

a second switch which 1s connected between a positive
terminal of the capacitor and a positive terminal of the
second direct-current power supply, and goes to the ON
state when the first switch 1s turned OFF:

a third switch which 1s connected between a negative ter-
minal of the capacitor and a negative terminal of the
second direct-current power supply, and goes to the ON
state when the first switch is turned OFF;

a fourth switch which 1s connected between the positive
terminal of the capacitor and the control terminal of the
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first switch, and goes to the ON state when the first
switch 1s turned ON; and

a fifth switch which 1s connected to the negative terminal of
the capacitor and the first terminal of the first switch, and
goes to the ON state when the first switch 1s turned ON,

wherein the drive circuit drives the first switch having the
first terminal, the second terminal, and a control termi-
nal, wherein a direct-current voltage from the first
direct-current power supply 1s applied to the first termi-
nal, and

the drive circuit has a capacitor which 1s charged when the
first switch 1s 1n the OFF state, and applies a charged
voltage between the control terminal and the first termi-
nal of the first switch when the first switch 1s 1n the ON
state.

12. The drive circuit of claim 1, wherein the first switch 1s

an N-channel FET.
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